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Embryonic development is a continuous process and
the identification of particular developmental stages
is still arbitrary (Segawa et al. 1988). Neaf (1923) ap-
proached this problem by describing various cephalo-
pod embryos at equal time intervals over the develop-
mental period. Arnold (1965), however, suggested
that embryological staging should rather follow mor-
phological characteristics that are easily recognizable.
Both schemes have been used to describe embryonic
development for various loliginid (Neaf 1928, Arnold
1965, Fields 1965, Segawa et al. 1988) and ommas-
trephid squid species (Hamabe 1962, O’Dor et al.
1982, Watanabe et al. 1996, Sakurai et al. 1996), but
the majority have used the morphological approach.
In the first embryological study on chokka squid
Loligo vulgaris reynaudii eggs established by Blackburn
et al. (1998), 14 developmental stages were identified
using a morphological scheme. By comparison, Arnold
(1965) had used 30 stages to describe embryonic devel-
opment for Loligo pealei. On investigating the effects
of temperature on the embryonic development of
chokka squid eggs, it was found that the stages iden-
tified by Blackburn (1998) did not clearly separate the
early post-cleavage developmental stages, and there-
fore sufficient detail was lacking to distinguish slow
development at low temperatures. It became necessary
to revise the 14-stage classification scheme for chokka
squid by expanding the classification of the early
stages. In addition, the abnormal embryonic develop-
ments that were noted at sub-optimal temperatures
are briefly described. 
MATERIAL AND METHODS
Newly laid chokka squid egg strands were collected
by SCUBA divers during spawning on the inshore
spawning grounds on the south-east coast of South
Africa. The eggs were transported to the laboratory
(in oxygen-enriched sample bags), where they were
acclimatized and allowed to develop at stable temper-
atures of 7, 9, 12, 15, 18, 21, 24 and 28°C (Table I) in
closed aquaria. Observations were made at 24-h inter-
vals. There was no difference between the develop-
ment of control egg strands (handled at the beginning
and the end of the experiment only) and those handled
on a daily basis. The embryological development cri-
teria established by Blackburn et al. (1998) were
used to confirm the later stages of development,
whereas criteria from Arnold (1965), Fields (1965),
Segawa et al. (1988) and Arnold and O’Dor (1990)
were used to separate and identify early developmental
stages not yet recognized. The staging scheme for-
mulated for L. pealei by Arnold (1965) was used in
this study, indicated by the prefix “A”. 
Live embryos were drawn to scale using a stereo
microscope (magnification ×32–50) and camera lucida.
The early stages before organogenesis were drawn
by observation through the chorion, after the removal
of the outer capsule layers. For the later stages, the
chorion was removed before they were drawn. The
early developmental stages were represented by ventral
views only, because little information could be gleaned
from the dorsal view. Embryonic stages were described
by “+” or “-” signs if morphological development at
the time of observation did not match the criteria set to
distinguish stages by Arnold (1965). 
RESULTS AND DISCUSSION 
The post-cleavage development pattern of chokka squid
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Fig. 1: Newly distinguished embryonic developmental stages for chokka squid Loligo vulgaris reynaudii. Pre-organogenesis, i.e.
germ layer formation – (a) A12: separation of the blastoderm into an ectodermal and mesodermal germ layer. Germ
layer proliferation, i.e. blastoderm growing – (b) A13: blastoderm covers approximately one-third, (c) A14: one-half, (d)
A15: two-thirds, and (e) A15+: four-fifths of the egg surface. Organogenesis – (f) A16: paired cephalic lobes (area from
which the optical primordia will form) begin to protrude; ring-like structure (shell gland primordium) forms at the animal
pole – (g) A17: mantle primordium forms around the shell gland and the optical vesicle primordia form as ring-like struc-
tures on the cephalic lobes; border of the shell gland becomes slightly elevated – (h) A18: arm and statocyst primordia
first appear, optic vesicle primordia becomes distinctly thickened, and stomodeum appear anteriorly. The lateral (L) and
ventral (V) views show the animal pole (a), blastoderm (bd), chorion (ch), cephalic lobe (cl), primordium of arms (pa),
primordium of mantle (pm), primordium of mouth (pmo), primordia of optic vesicles (po), primordium of shell gland (psg),
primordium of statocysts (pst), shell gland (s) and yolk (yo)
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for 1–3 day old embryos (until hatching) was divided
into 20 stages, i.e. between A12–30. The identified
early stages observed in this study are illustrated and
described in Figure 1. The first and third stages de-
scribed in Blackburn et al. (1998) were separated into
four and three stages respectively; the former into
Stages A12, A13, A14 and A15 and the latter into
Stages A16, A17 and A18.
Morphological features such as the blastoderm,
funnel folding, Hoyle’s organ and chromatophores
proved useful in separating stages throughout the de-
velopment of chokka squid embryos. Eggs were not
observed directly after spawning and therefore only
one stage, A12, was observed during gastrulation.
During stages A13–15+, growth of the blastoderm
was clearly visible and was used to distinguish these
early stages. Similar observations were made on L.
pealei by Arnold (1965), on L. forbesi by Segawa et
al. (1988) and on L. bleekeri by Beag et al. (1992).
In this study, organogenesis started at A16. The
stages immediately after organogenesis were separated
and distinguished by the appearance of the cephalic
lobes, shellgland primordium and mantle primordium.
These stages were not identified by Blackburn et al.
(1998).
Morphological abnormalities in embryonic develop-
ment were observed at temperatures <12 and >15°C.
These are classified into four types in Table II. Only
gross morphological abnormalities are illustrated in
Figure 2. At water temperatures ≤9 and ≥21°C, ab-
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Table I: Temperatures recorded for the stable temperature
incubations
Target stable Observed average temperature
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Fig. 2: Gross morphological abnormalities were observed at
temperatures <12°C and >15°C: (a) body completely
deformed, (b) elongated body and enlarged buccal
mass and (c) mantle deformed
Table II:  Morphological abnormalities observed at temperatures ≤ 12 and ≥ 15°C





A variety of mantle deformations was observed — The mantle developed no further than approximately
Stage A22, whereas the rest of the body developed normally, or the mantle separated or was torn, ei-
ther ventral-dorsally or anterior-posteriorly. The former was most prominent and usually accompanied
an elongated body. The viscera were exposed during all of these mantle deformities
Elongated bodies caused a normally formed mantle to cover only part of the body, with most of the vis-
cera exposed
The enlargement of the buccal mass was easily recognized by the subsequent enlarging of the head. In
some cases, the enlarged buccal mass could attain one-third of the head size
Complete deformation of an embryo consisted of many aspects and usually occurred at an early stage.
For instance, the yolk sac protruded from the side of the body, the eyes fused into one, there was a complete
lack of mantle formation, or the head protruded from the side of the body
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normalities in embryonic development increased from
50 to 100% (Table III). At high (28°C) and low (7°C)
temperatures, the embryo turned opaque and began to
disintegrate. The next most common form of abnor-
mal development was deformity of the mantle (45% at
9°C), followed by an elongated body (39% at 24°C).
Other forms, such as enlargement of the buccal mass
and complete body deformity, contributed ≤4%.
Morphological abnormalities in L. v. reynaudii em-
bryos have not previously been described. The de-
formed embryos that hatched during the present study
struggled to jet and were unable to maintain their po-
sition in the water column. These embryos did not
survive for longer than a few hours. Abnormalities
have been noted in other squid species. For example,
O’Dor et al. (1982) found abnormalities in Illex ice-
brosus and Sakurai et al. (1996) observed terminated
development, inverted and deformed mantles, ex-
posed viscera and death before hatching in Todarodes
pacificus.
In conclusion, this work has expanded the embryonic
development scheme for chokka squid eggs from 14
to 20 stages. Although these were sufficient to deter-
mine the influence of temperature on the egg growth,
the development scheme for this species is still not
complete, because the cleavage stages have not been
observed or described. Only gross morphological ab-
normalities are described here. Abnormalities at the
organ or cellular level need to be investigated.
ACKNOWLEDGEMENTS
This work forms part of the South African Climate
Change and Squid Research Programme. We thank
Marine & Coastal Management, a branch of the Depart-
ment of Environmental Affairs and Tourism, the
Technology and Human Resources for Industry
Programme of the National Research Foundation,
and the South African Squid Management and
Industrial Association for funding, and the Port
Elizabeth Museum and the University of Port
Elizabeth for research and administrative support.
LITERATURE CITED
ARNOLD, J. M. 1965 — Normal embryonic stages of the squid
Loligo pealii (LeSueur). Biol. Bull. mar. biol. Lab., Woods
Hole 128(1): 24–32.
ARNOLD, J. M. and R. K. O’DOR 1990 — In vitro fertilisation
and embryonic development of oceanic squid. J. Ceph.
Biol. 1: 21–37.
BEAG, G. H., SAKARUI, Y. and K. SHIMAZAKI 1992 —
Embryonic stages of Loligo bleekeri Kerfstein (Mollusca:
Cephalopoda). Veliger 35: 234–241.
BLACKBURN, S., SAUER, W. H. H. and M. R. LIPINSKI 1998
— The embryonic development of the chokka squid Loligo
vulgaris reynaudii d’Orbigny, 1845. Veliger 41: 249–258.
NEAF, A. 1928 — Die cephalopoden. Fauna Flora, Golf Nepal.
35(2): 375 pp.
FIELDS, W. G. 1965 — The structure, development, food relations,
reproduction, and life history of the squid Loligo opalescens
Berry. Fish Bull. Calif. 131: 108 pp.
HAMABE, M. 1962 — Embryonic studies on the common squid
Ommastrephes sloani pacificus Steenstrup, in the south-
western water of Japan. Bull. Japan Sea reg. Fish. Res.
Lab. 10: 1–45.
O’DOR, R. K, BALCH, N., FOY, E. A., HIRTLE, R. W. M.,
JOHNSTON, D. A. and T. AMARATUNGA 1982 —
Embryonic development of the squid, Illex illecebrosus,
and effect of temperature on development rates. J. NW. Atl.
Fish. Sci. 3:41–45.
SAKURAI, Y., BOWER, J. R., NAKAMURA, Y., YAMAMATO,
S. and K. WATANABE 1996 — Effect of temperature on
development and survival of Todarodes pacificus embryos
and paralarvae. Am. malacol. Bull. 13: 89–95. 
SEGAWA, S., YANG, W. T., MARTHY, H-J. and R. T. HANLON
1988 — Illustrated embryonic stages of the eastern
Atlantic squid Loligo forbesi. Veliger 30: 230–243.
WATANABE, K., SAKURAI, Y., SEGAWA, S. and T. OKUTANI
1996 — Development of the ommastrephid squid
Todarodes pacificus, from fertilised egg to rhynchoteuthion
paralarvae. Am. malacol. Bull. 13: 73–88.
382 South African Journal of Marine Science 24 2002
Table III:  Occurrence of morphological abnormalities, shown as a percentage of the total abnormality found at each temperature
Abnormality type
% Abnormality by temperature
7°C 9°C 12°C 15°C 18°C 21°C 24°C 28°C
Mantle deformity 0– 45 3.5.0 3.5.0 12.0 20 38
Elongated body 0– 02 0.5.0 0.5.0 0.5 25 39 050*
Enlarged buccal mass 0– 02 0.5.0 0.5.0 1.0 04 02
Complete body deformity 0– 02 0.5.0 0.5.0 0.5 01 02 00–
Opaque white, disintegration 95 0– –0.0 –0.0 –.0 0– 0– 050
Total % abnormality 95 51 50.0 5.00 14.0 50 81 100
*The elongated body was the main abnormality, but the condition occurred in combination with an enlarged buccal mass and mantle deformities
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